Megalin and cubilin are endocytic receptors involved in renal clearance of hemoglobin.
The kidney is the main site of hemoglobin clearance and degradation in conditions of severe hemolysis. Herein it is reported that megalin and cubilin, two epithelial endocytic receptors, mediate the uptake of hemoglobin in renal proximal tubules. Both receptors were purified by use of hemoglobin-Sepharose affinity chromatography of solubilized renal brush-border membranes. Apparent dissociation constants of 1.7 microM for megalin and 4.1 microM for cubilin were determined by surface plasmon resonance analysis. The binding was calcium dependent in both cases. Uptake of fluorescence-labeled hemoglobin by BN-16 cells was inhibited by anti-megalin and anti-cubilin antibodies as well as by receptor-associated protein, a chaperone for LDL-receptor family proteins. Partial inhibition by myoglobin was observed, whereas bovine serum albumin, intrinsic factor-cobalamin complexes, and beta2-microglobulin did not affect the uptake. By use of immunohistochemistry, it was demonstrated that uptake of hemoglobin in proximal tubules of rat, mouse, and dog kidneys occurs under physiologic conditions. Studies on normal and megalin knockout mouse kidney sections showed that megalin is responsible for physiologic clearance of hemoglobin. Labeling intensities in kidneys from normal and cubilin-malexpressing dogs were similar, which suggests that, in the normal state, the role of cubilin in uptake of hemoglobin is rather limited. However, cubilin is likely to assist hemoglobin endocytosis in settings of hemoglobinuria. In conclusion, the study provides a molecular explanation for long-standing observations of hemoglobin uptake in renal proximal tubules that involve the endocytic receptors megalin and cubilin. The findings may prove to be essential for further research on the pathophysiology of hemoglobinuric acute renal failure and proteinuria-associated tubulointerstitial nephritis.